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THE HABITAT Ln Tdo LIGHT OF PLANT PROTECTION

Schriftenralhe des Forschungsrates fuer Frof. Dr. . He Muchs,
Ernashrung, Lendwirtschaft und Forsten Goettingen
(Publicetions of the Research Council

for Nutrition, Agriculturs and Afforustation),
Fo 1, "Fabitat Research," pp 79-86.

-

. Very early in the history of agriculture man has noticed that the
. ‘”‘t“@?y&ﬁ%ﬂﬁ%gl‘“t diseasss and parasites occur varies with the habitats,
and 3 ¥isld of certain crops grown on these different habitats is en-
dangered by these damage-causing agents to a greater or lesser srtent. In
the casc of one-crop agriculture these dangers will appear sooner or later.
This observation very early determined the course of action adopted by the
farmer and gave rise not only to the form of agriculture in which different
parcels of land are assigned to differsnt crops but also to the intro-
duction of orop rotation and other agricultural practicesJ A decrease in
yvield caused by parasites has been cited by certain histodlans and socio-
logists .as ona of the causes of broad population shifts political and
sociological development during past centuries. Sufficient examples are
avallable from the last decadesSto show that certain plans alming at oo
carrying out & change-over in agrioulture have often bsen prematurely
1imited by the increased occurrence of such demages, when the measures
to be carried cut involved habitats exposed to these dangers. This possibi~
lity imposes on the agricultural planner -- whether he is concerned with
small or larger asress -- thu task of characterigzing the available habitats
elso from the point of view of the dangers presented by plant disesses erd
parasites, or in practical terms, to take into conaideration, first, any
possibls risks to which thess habltats may be exposed.

However, thas sclentific charasterization of the habitat from ths
point of view of plant protection cannot be based on very much mere evidence
than is availlable to the farmer who has accumulated certain experiorcos
relating to his region, his locality and to individual fields. We can
eXpress these experiences in a form that is more accessible to further
reflaotions and caloulations only by assigning 2 certain "probabllity
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demago® as & chareeteristic index to the individual habitat, and by taking
i3 index into considerstion in our reflections and calculations. However,
ty wiow of the fact that such an index must be determined separately for

wach orop end for all significant damages incurred by this crop on the

zivon habitat, it would bs necessary to add to the large number of habitut
sharacteristics which have bsen presented today in the various papers perhaps
zt squally large collection of additional data. To what extsnt this pro-

cedure wonld be feasitle in individual cases will not bs discussed in ths
praosent paper.

(S5 3%

Howevoy, the question arises as to whether this current prcbability
of damege which describes the specific situations could not be determined
indirectly from the rest of the habitat characteristlcs, from the magnitudes
of the ecological habitat parameters; the use of such a procedure would obe
viously be necessary during the planning of more extensive transformations
within the agricultural plant, when we must determine the probability of
future damage without being able to rely on experience, i.e., when we musi
evaluats the potential demages caused by diseases or parssites, damages

which may sot as a 1imiting factor during the extension of a given orop
or ths introduction of & new crop.

Through a collaboration between the plant-protection research worker
and the meteorologist, this tazsk may be carried out with a relatively high
prediction probability on the basis of climatic data for larger areas, as
13 shown by numercus data relating to the delimitation of maln damage- and
mass-transfar regions, as well as by cartographic representations relating
to the pcssibiliity of the settling of certain damage~causing agents whose
inportaticn into the region under consideration is %0 be feared (e.g., in
the case of the Japanese beetls).

However ~=- and this seems to be the main problem today -- if we
want to make finer distinctions between the probability of damage in two
agricultural plants within a given region, or, what 4s also interesting
comstimes, ir two plots situated within the same agricultural’plant, then,
if at first we neglect the properties of the soil and take into consideration
only the climats, we find that the climatic data of the local meteorological
station no longer represent a useful measure. In this case we are dependent
on the olimate of the farm, but even from this climate we must elaborate
data that ars more comprehensive than are available to the farmer or agris
culturist who in most cases can orient himself on the basis of nedium-range
average values. This is so since the questlon of whether damage-infllcting
fungus will settle in a farm and then develop further in a dangerous manner
depends on the course of the decisive weather conditions over a shorter
period of time and on the frequency and distribution of certain specifis
combinations of circumstances over a longer or shorter perlod of time. A
simple and well-known example is offered by the so-celled "phytophthora
woather," a specific constellation of weather conditions lasting two
days, which determines whether the disease lmown as potato rot will spread
quickly. Actually the meteorologist would be able to prediot these data
over a short-rangs psriod. Without going into certain interesting detalls
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o thie gaint. wo shall steto thal o woather situatlon such as this cen
i ef'foctive, iooe, significant in the sense of ths probability of

" TFe

ngu, omly vrdor tho fullswing twe conditions:

o 1e The fungus cen take advantage of the chance for further sproeading
orly 47, since the previous wave of infsction, it has grown and becoms
strengthoned to such a point that it is ready for new fructification.

2+ When the potato plant is not ir one of its development stages,
tho initiation of a successful ne: infecticn is considerably impeded.

Without poing inte tho possible significance of sdditional factors,
wo shall stress that not only does the course of the weather over relatively
short periods of time acquire a decisive importance in this case, but the
coincidence of o opecific weathor situation with specific blological cone-
ditions in the damage-producing agent and the host =« 1l.e., a not readily
definable coincidence relationship == is also of major significance. Anyone
interested in producing an epidemic artificislly, as is done, e.g., during
tho breeding of plants in order to imbie them with resistance to certain
infectinns, knows the importance of this coincidence. When the phytophthora -
weather sets in two days too early and does not recur later on, then a
phytophthora epidemic which has had a good beginning will be arrested for
the vegetation period; Af it sets in during a period in which the host
plant, not yet resistant, inhibits any further development, then it will
not be effective; finelly, Af it appears eight days too late, it delays
the development of the epidemic perhaps to such an extent that the eritical
intensity of harmful attack desired for the selection is not atiained.
This may bring to -ind the fact that even the differences between varietles
rust bs taken sui.ciently into consideration during the evaluation of the
probability of damage, and they must be considered in a meaningful manner
when arriving at practical conclusions. Our second example shows the
importance of indi-idua’ “-sather parameters. The migration of the pea-~leaf-
odge bestle w. s . riiro: the early development of the pea during the
spring and whi~k .. its winte: quarters in alfalfa- or oclover fields,
deperds on the amor% % vu.shine during the eritical autumne and spring
dayz: only when warmed oy the rays of the sun can it cover the distance
quickly by flying.

Thus, in order to deduce or even predict the probability of damage
from olimatic factors, we need a deeper insight into the course of the
waather prevailing on the individual crops; however, we nust also know
tho coincidence of spacific weather constellations with certain critlcal
poeriods in the 1ife of the damage~producing agent and the host plants,

rogardless of whether we look upon the events taking place from the positive
or the negative point of view.

With regard to barmful agents bound to the soil, which sre of quite
speoisl interest to us today in connection with questions of orop rotation
and similar problems such as root disease, smut fungus, Nematodes,  etc.,
which ocour at specific habitats and cultivated plots, certs.n charaster-
1atics of the soil, as determined by tho soil scientlst, sometimes give an
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5 ;1{;1:::1;;;%,1,013 For sueh occutronces. Sometimss a high probability of damage

ai. more or 1ess narrowly circumscribed places calls uttention to differonces

in the subsoll. Apart from relatively unchangeable soil characteristics, those -
«idch are changed by the cultive’ion play a considerably role; we must

constantly find rnew avenues of approach to now problems. This applies for

oxauple to the root diseazo known es tlackleg diseans of the wheat, or

rore specifically root smut caused byOphiobolus graminis, which formerly

had been considersd s dissese of soils which are not too suitable for wheat '
growing. Yet during the last few years this disease has occurred more and ‘
wore froquently on the best whoat soils. To explain this ocourrence the
information presently available is not sufficlsnt; we assume that we have to

do with a result of the changed soil-cultivation methods, perhaps in cone

nection with soll compacting which on the one hand leads to a chenge in the
sensitivity of the whoat roots and on the other hand and especially to a

change 1n 501l blology. A similar conclusion' seems to be indicated as a

result of our observations carrisd out for many ysars on the root diseasss

of the pea in the East-Prisian marshes. The concentration or survival

of many harmfil agents is determined by their ability to compete with other

soil orgarisms, and the latter should be considered as useful agents and

thoir growth enhanced through cultivation measures of all kinds.

i s M S asa e R

If, howsver, certain orop rotation measures aiming at the prevention

of & specific damage are carried out in a too one-sided manner, then certain
naw problems may arise:

Thus, e.g., tho overly intensive introduction of cats into the arop
rotation system for the prevention of root diseases of other principal
kinds of agereals may bo limited by the fact that on certain soils a one-

sided rotatlon of cer al crops may considerably increass the probability
of damage caused by zoreal Nematodes.

Thus the flors and fauna of the soill are important characteristics
of tha habitst, considersd from the point of view of plant protection; they
gre important not only in their static aspect but also in their dynamles,
i.e., thelr resction to othor influences. These charasteristics, however,
are still quite unknovn to us. It would be especlally desirable to increase
our knowledge of ths miero-soil-blological characteristics of the habitat.
This is easier said than done: the picture of the real conditions in the
8011 which is obtained by means of the classical method of microbiological
#0351l analysis -~ consisting in analyzing samples on a plate =~ 1s hardly
any botter than if wo were to try to obtain a pisture of the soclological
conditions prevailing in WNew York on the basis of an sxperiment «- if I may
use the simile of a colleague which he presented in a relseted discussion «e
consisting in reducing the city of New York to powder and then subjecting
a few powder samples to spot checks. Only with time will the mutually
supplementing use, by sclentists, of various currently available methods
yield, after much effurt, the desired insight in thls area and help us
obtain & picture of the interplay between the soil organisms and their
significance for the probability of damage. At any event., even in thia
direction the cheracterizaiion of the habitat from the point of view of plant
proteotion nesds considerably more numerous and finer characteristics than
poil dynamios ¢nd crop production.
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59 far wo did not yoi take inte vonsideration that many of iha factors
which wote briefly touchod upon above act nol only directly on the damage=
zotusing agent but also in an indirect manner through the plants which for
soreo agents 13 also a2 habltat. Tor examplo we know wheat varieties whish,
depanding on the temperature, react to rust fungus in a highly variable,
bilghly susceptible or fully rosistant manner. The sensitivity of certain
plant roots to secretly ecting putrefactive agents greatly depends or the
available phosphate in the soll. Many other examplus obllige us to undertake

an . even more strongly differentiated examination of the habitat in its
interplay with ths crops grown.

From the point of view of plant protection the concept of habitatl,
a3 wo have definea it todsy, is almost always too narrow when we consider
the hammful agents attacking from above the ground. ‘the primary contamination
with sporeus of fungl or with flying insects which frequently carry virusea
e¢8 well has 1its origin in areas that are located bHoth near and far. Apart
from the .iact that the time and intersity of the flight is5 determined by the
air movements which ir this sense must be considered also as a habitat
charactoristic, ofte:: it is the proliferation or wintering of the agents
at an entirely difZorent place which determines the extent of danger pre-
sonted to our hs%itat. The importance of Antermediate hosts for rust fungus
and aphids 1s jener.lly known. Much less f{requently does the farmer think
of the ‘mportance ¢f secondary hosts, of wintering places of harmful
insects and. imilar factors whose absence or presence, proximity of remote-
ness also have an influence on the probability of damage. These factorz are
not limited to the immediate vicinity: they act over different distsnces.
Their effect is, e.g., dependent on fine nuances =-. whose nature is as
yot unknown to uy ~- of the mood or bshavior of the demaging inseots, factors
which in turn sve regulated by the enviromment. For lack of time we cannot
go into this question in greater detail. It is preclsely in the case of the
hormiul answscts that the situation becomes even more complicated by ths fact
that parssites and animals which prey on harmful insects exert a secondary
offect on the probability of damage and which, in turn, depend on the im-
rmediate enviromment or more distant enviromment of the habitat, ss we have
described above. Thus, s.g., the syrphus fly which has a decisive influence
on the proliferation of aphids in the area near Goettingen, can fly over
a distance of several km every day, so that quite far from the habitat under
consideration, ~- i.e., from the flowers on the field in question which serve
as a source of nutrition for the fly «- the aphideaccommodating bushes which -
act as a source of food for the larvae must be included in the habitat con-
cept, and the factors prevalling in this distant srea may exert an indirect
offect on the contamination of tho habitat under consideration.

All this may suffice to show that from the point of view of plant
protection ths habitat 1s certainly not delimited in s strict sense, since
a3 we take into uvonsideration the various harmful agents, the houndsries of -
the habitats musl be taken as having different boundaries; likewise, the
gebove discussion may have shown . that in order to be able to determine
ths habitat factors and their effects which determine the probability of
damage, it 1s nszcessary to carry out further, more comprehensive sclentifio
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Why 35 AL thiat woosy, more than aver bafors, the above-mentioned
norrelutions ersuse vueh parileuler intersst in the fleld of plant pro-
Lrobion? Ts At the selontific effort to geot to know the working of HNature
inogreatar detzil that s the subject of this intursst, or is it stimulated
froeeytala quastions of practical importance? Ths answer is that theso
cance*ns are wotlvatsd by these questions of prastical importances, not so
sinch hscansey the mors ivtensive mothods of agriculture and one-sided utilie
zablon of Lhe land incroease ths sconomic importance of the diseases sid
parasites, Lubt primarily because during the last decade the strategy of
plant protsction has hed to utilize, more than ever before, the possibili.
ties inhsrant in Nature Cor the reduction of hazards. This is not to be
consldered 23 a4 new discovery : already the decrss which established the
Gorman Blologlcal O0ffico (Biologische Reichsanstalt) defined, as one of
ths lesks, the search for natural biological counterforces sgainst plant
dlseazes in tho widest sense. Indeed this method of approach was actually
used, slthough at first an attempt was made to @clude ths idea of damage-
causing agents as much as pogsible. At the turn of the century the discovery
sf resistant varlsties and the discovery of relatively simple possibvilities:
to comtine this resistance to dizerse with other valuabtle propsrtiss through
nlenned bresding, saemad tc be such a method of protection, at least against
the most lmportant fungus discases. Rowever the natural adverss selection
of resistarce~brealking specles repsatedly pointed up certain limits which
could be overceme only by means of uwnending efforts threough the discovery
of new resistanze factors, often by crossing varletlies and species. In many
ceson the questlon now arlses as to whether, in the light of the resulis
obtalined, this msthod is still feasible from the economic point of viewe

whether it is at a1l posaible in this way to Ykill! the diseaso-producing ’
agents.

The grest advonce made by organic chemistry during and after Lhe
seaond world wsr has ssemed to facilitate the figh* against most damage-
producing agents, including the insaects which were hardly ineluded in the
classle rosistance breeding; the organic chemical industry offered prepa-
rations which, iIn my opinion, are still among the cheapest and most effective
agents considored from the jplant-econonic point of view; this is sc becauss
it 1s only after “heir use that the effect of  other measures is
liberated. Howover, analogously to the adverse selectlion of resistance-
breaking specles, the corstantly inecreasing and many-sided use of such
agents has had the effect of Antroducing disease-resistant varistis, of
leading to an adverse seolection among the parasites, o causing an increase
115 the proportion of individuals which are at least so resistant to
specific cheminals -~ and in certain cases against all such agents =«
that the use of the chemical method is no longer worthwhile; in addition
sa you all inow, certaln serlous hyglenic considerations have arisen which
nilitate epalnst the increasingly more intensive use of chemicals, evesn
though in certuin cases these considerations are somewhat exaggerated.

I shudl mention this only parenthstically, since the topic is now the

objeot of wide disansslons and is not directly related to the problems
traated in thio namaw, ’
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Tho strategy of the %,hal elimination of damape-causing agents is
frerieated by the nabtural solection of resistanco-brealirg or blocidee
“onlatent brecds. Thls brlugs up tho question as to whethor our aims were
sol sot tee high, wiothor 4t would not be more correct and cconomical to
sdopt 2 more modest objective and to try merely to limit the dangerous pro.
litoretion of the diseasu-causing agents to such an oxtent that the eco-
neandeslly evaluated possibility of damage is minimized, doing this Yy
ratlonally combining vll available possibilities, even those that are only
pertinlly effective, in ordor to reduce tho proebability of damage. Such
nensuras include the agrieultural possibilities for the suppression of
harmful agents or for ths strongthening of the host plants, measures
aiming st ths sparing and ¢nhancement of useful organisms which suppress
harnful sgents; the limitotion and ratlonal execution of chemical measures
in cases wherse all other pessibilities “=1l.

Furthor possibilitiss in the struzgle agalnst ‘amaging insects are
effored by the selfw-destruction experiments which are being carried out
hors in Munich, i.0., tho use of artificially sterilized individusls for the
slimination of the natural fertility of a damage-causing vopulation.

The ratlionsl combination of all these methods with the inclusion of
tho blological attack in the stricter sense, i.e., th3 purposave introduction
cf parasites and enemies of the harmful agenus in order to lncrease the
intensity of the nstural countorforces, is the content of the strategy
of plant protection known all over the world by the term "integrated plant
protection.”

The use of thsse possibilities which ==~ and we want to stress this
particuiarly -~ are in many cases not yet ready for practical application
15, today, the aim of plant-protection reasarch and, to the extent that
they have bsen - tried out, als» of plant.protection consultants not only
in our country but all over the world, including the developing countries
which, partly for reasons other than are operative in Germany, have decided
to embark on a course of integrated plant protection ani biolegical attack.

Most of the wethods just montioned do not lsad to the elimination of
tha damage-producing agonts. A1l that wo expect is that the rational
combination of these methods will maintain the proliferatlion of the harmful
agmtson a level which rules out the occurrence of the agricultural damages
nnder consideration. To ovaluate the suctess of such an integrated plant
protection we must kmow the economically scceptable limits of an attack
caused by parasites -~ as has recently baen clesrly brought out during a
symposium of the FAO in Rome -« and also find out how these limits may be
c hunged through the coincidence of the most varied causes of damage: this 1is
50 bscause what the practicing farmer demands from the science of plant
protection is, first of all, the puevention of econcmic losses caused by these
harmful agents, rogardless of the method employed. In ordor to be able to
choose the right method we must know these limits: this makos 1t hecessary
that the science of plant protsction asikthe related disciplines: Where are
thaea 14mita which, when oxceeded, -pose the threat of a serious damage under
spoocific circumstanses and undor the eiifoul of = =panifis combination of harm-
ful attacks which varies from reglon in reglon?

7




snd wilth thls questlon ocur discussion agalin reverts to the central
thosis of this mesting, namely that the conditions for the proliferatisn

of damape-causing apgonts vary from habitat to habitat. To bs able to make use
»{ this silustion and to advise our c¢lients to undertake additicnal rational
roasures, we must inow the spscial characteristics of the haditat and the
wffsctive forces acting on this habitat. Only then shall we find the ideal
cenbination of measures which wiil spare the crop as much as possible and

uwnich are in heormony both withthe farnsr's desirs to ensure hls orop yleld
and with the consumer's domand for safety. :

Such s strategy requirss two things:

1. A much wore intensive study of the correlations between the inten-
city of ocourrence of parasites and the reduction in yield, as well ss of

the influsnce of ths snvirorment on this relstionship, i.e., & more sccurate
study ef the hshitat,

2. This ides’ agricultural mothod, this ideal plant protection, vhich
must be adopted to the habitat and the changing conditions from year to
year, roquires an intensification of the .dvisory services offered to farmers.
Hore I have talked as if the attairment of this goal were an easy task.
Actuglly it is necessary to determine the above-mentioned relationship of
coincidence botween tre weather conditions, the attacke of parasites and the
dsmage pruiduced for each parasite, each crop, each habitat and for esch
year, and perhsps it is necessary to consider these problems from an
sntirely practical point of view, in order to be able tc arrive at a decision
a5 to whethar a chenical mesaure should be carried out on a given "arm '
and at & given time. To say that such & measurs chowld be carrisd oul 1s an
vasy deodsion: we can orlent ourselves on the basis of almanachs, habits or
our neighbors. On the other hand a negative answer requires responsibility
std can seldon be arrived at on the basis of models, but only after the
rotional evaluation of empirical data, because the introduction of new
production methods may also bring to light new problems.

The individual farmer can sssume the rosponsibility for such decisions
enly to e partial sxtent. In the future he will need nore help from trained
sdvisers who are not loaded down with other tasks.

The value and effect of such counseling and the prcgress of the
research on which it is based will be in dirsct proportion tc the extent to
which it can be supported by the data of the various branches of the agri.
cultursl sclences. We asi you to think along with us in regard %o the
problems just - outlinsd and assist us in the framework of collective
research to which we have froquantly referred today, in order to provide
us, in addition tvo the biologlcal data of damage-causing agents and the
investigations of their effect, also with tho corresponding agricultural and
eccnomic data which must gulde our considerastions not only for .he single
case, the single plot of land or a single year but alsc for rotated crops
snd for spscific egricultursl systems. It msy happen that as part of this
strategy ws thall accept 2 small loss in the yleld of one of the rototed
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no 47 An this way fthe yiuvld of the wholo crop 28y be incrsassd at
211 howover, this problem requires further Antensive study.

I hope that dupring iho short time at my disposal I wes able to
stimalate you without succuxbing to the danger of burdening you with too
moch materiel from the broed roalm of observed and nonobssrved phencaena.
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